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Abstract

Background One of the major clinical challenges of this age could be represented by the possibility to obtain a
complete regeneration of infrabony defects. Over the past few years, numerous materials and different approaches
have been developed to obtain bone and periodontal healing. Among all biomaterials, bioglasses (BG) are one of
the most interesting due to their ability to form a highly reactive carbonate hydroxyapatite layer. Our aim was to
systematically review the literature on the use and capability of BG for the treatment of periodontal defects and to
perform a meta-analysis of their efficacy.

Methods A search of MEDLINE/PubMed, Cochrane Library, Embase and DOSS was conducted in March 2021

to identify randomized controlled trials (RCTs) using BG in the treatment of intrabony and furcation defects. Two
reviewers selected the articles included in the study considering the inclusion criteria. The outcomes of interest were
periodontal and bone regeneration in terms of decrease of probing depth (PD) and gain of clinical attachment level
(CAL). A network meta-analysis (NMA) was fitted, according to the graph theory methodology, using a random effect
model.

Results Through the digital search, 46 citations were identified. After duplicate removal and screening process, 20
articles were included. All RCTs were retrieved and rated following the Risk of bias 2 scale, revealing several potential
sources of bias. The meta-analysis focused on the evaluation at 6 months, with 12 eligible articles for PD and 10 for
CAL. As regards the PD at 6 months, AUTOGENOUS CORTICAL BONE, BIOGLASS and PLATELET RICH FIBRIN were
more efficacious than open flap debridement alone, with a statistically significant standardized mean difference
(SMD) equal to -1.57,-1.06 and —2.89, respectively. As to CAL at 6 months, the effect of BIOGLASS is reduced and no
longer significant (SMD =-0.19, p-value =0.4) and curiously PLATELET RICH FIBRIN was more efficacious than OFD
(SMD =-4.13, p-value <0.001) in CAL gain, but in indirect evidence.

Conclusions The present review partially supports the clinical efficacy of BG in periodontal regeneration treatments
for periodontal purposes. Indeed, the SMD of 0.5 to 1 in PD and CAL obtained with BG compared to OFD alone seem
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clinically insignificant even if it is statistically significant. Heterogeneity sources related to periodontal surgery are
multiple, difficult to assess and likely hamper a quantitative assessment of BG efficacy.

Keywords Ceramics, Biocompatible materials, Dental Implants, Socket preservation, Bone regeneration, Wound
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Background

The principal anatomical sequela of periodontitis is rep-
resented by loss of alveolar bone support, and the extent
and the severity of periodontal osseous lesions are usu-
ally assessed by both clinical and radiographic means [1,
2]. Generally, periodontal defects are classified into three
groups: suprabony (or horizontal) defects, infrabony (or
vertical) defects, and interradicular (or furcation) defects.
According to the classification by Goldman (1958) [2],
suprabony defects are those in which the base of the
pocket is located coronal to the alveolar crest. Infrabony
defects, on the other hand, are defined when the apical
end of the pocket is located below the bone crest. Specifi-
cally, an infrabony bone could be recognized as intrabony
defect if subcrestal component involves the root surface
of only one tooth, while we can define crater as a defect
that affects two adjacent root surfaces to a similar extent.
Intrabony defects have been classified with respect to the
number of remaining bony walls, into three categories:
the 1-wall, 2-wall and 3-wall defects [1-3].

One of the major clinical challenges of this age could
be represented by the possibility to obtain a complete
regeneration of infrabony defects. For the successful
reconstruction of periodontal tissues, that means bone,
cementum and periodontal ligament, it is fundamental to
respect all the natural sequence of biological events that
takes place during the periodontal healing [4]. Currently,
bone autografts represent the gold standard treatment
for bone and periodontal regeneration since it provides
osteogenic, osteoconductive and osteoinductive proper-
ties [5—8]. However, there are numerous disadvantages
associated with bone autografts, such as limited availabil-
ity and variable quality, donor site morbidity, increased
operative time [5-8]. Because of these drawbacks, bone
tissue engineering strategies have been developed to
obtain successful bone healing [9, 10]. However, despite
the numerous materials and different approaches devel-
oped over the past few years, periodontal regeneration
still deals with many challenges, and the complete regen-
eration of the attachment apparatus is an unpredictable
goal [5-10]. Among all biomaterials, bioglasses (BG) are
one of the most interesting due to their ability to form a
highly reactive carbonate hydroxyapatite layer [11].

BG is a family of bioactive glasses composed of silicon
dioxide, sodium oxide, calcium oxide, and phosphorous
pentoxide. L. L. Hench discovered this material in 1969
acting as the first alternative to bioinert implants [11,
12]. The first material found to form a bond with bone

was the original bioactive glass composition, 45S5 Bio-
glass (45% SiO,, 24.5% CaO, 24.5% Na,O, and 6% P,0O5).
It was the first artificial material that provided bonding
interface with bone as well as with soft tissues [11-13].
A very relevant effect of BG is that the release of bio-
logically active soluble Silicon (Si**) and Calcium (Ca®")
ions increases the expression of an osteoblast mitogenic
growth factor and stimulates bone growth all around
bone- implant interface [14, 15]. A very relevant effect of
BG is that the release of biologically active soluble Si**
and Ca?* ions increases the expression of an osteoblast
mitogenic growth factor and stimulates bone growth all
around bone- implant interface [14, 15]. What’s more,
it has figured out the angiogenetic potential of Bioglass
45S5, as it could increase the secretion of vascular endo-
thelial growth factor in vitro and to enhance vasculariza-
tion in vivo [11-16]. The aim of this systematic review is
to assess the effect of BG on bone and periodontal regen-
eration and to perform a meta-analysis of the potential of
this material for the treatment of intrabony and furcation
defects in periodontal diseases.

Materials and methods
The systematic review follows the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses
(PRISMA) statement [17] and the protocol was registered
on Prospero (CRD42021254354). The proposed focused
question was: “What does BG do in terms of regenera-
tion of periodontal defects?” The focused question was
established according to the PICO strategy:
+ Population: Patients with periodontal and bone
defects.
+ Intervention: Bioactive glass.
+ Comparison: Open flap debridement (OFD) only;
different biomaterials.
+ Outcomes: Periodontal regeneration ; Bone
regenerationin terms of decrease of probing depth
(PD) and gain of clinical attachment level (CAL).

Search strategy

This literature search was conducted to identify arti-
cles on the use of bioactive glass for periodontal and
bone regeneration. In March 2021 an electronic search
was performed in the following databases: MEDLINE/
Pubmed, Cochrane Library, Embase and DOSS (Den-
tistry and Oral Sciences Source). No restriction in
terms of year of publication was applied. Random-
ized controlled clinical trials were identified using the
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search terms “Bioglass” AND “periodontal defect” in
the PubMed, Cochrane Library, Embase and DOSS. The
search was complemented by a manual search of the ref-
erences found in manuscripts to identify any additional
articles of relevance. The grey literature was also scanned
to broaden our search and improve the quality of the
present review through title and abstract screening of all
the included articles and Google Scholar database, yet
retrieved no additional studies to be included.

Eligibility criteria

The studies were selected only if they met the following
inclusion criteria: Randomized Clinical Trial (RCT), Eng-
lish-language publications, analysis of human teeth, use
of BG for bone regeneration, at least 6 patients consid-
ered, presence of periodontal defect at the beginning of
the study, at least 6 months of follow up, presence of pre-
treatment and post-treatment PD and/or CAL measures.
In addition, the studies were required to have assessed
the outcomes of interest (periodontal regeneration, bone
regeneration). Studies not meeting all inclusion criteria
were excluded. Also, reports based on questionnaires and
interviews, hence studies without clinical examination of
the patients, reviews, redundant publications and case
reports were excluded.

Study selection and data extraction

The reviewers selected the articles included in the
study considering the inclusion criteria. Disagreement
was resolved by discussion with a third reviewer. The
extracted data included authors, journal, year of publica-
tion, study design (randomized split-mouth design, ran-
domized parallel trial, randomized parallel multicenter),
number of participants in treatment and control groups,
number of teeth in treatment and control groups, type of
periodontal defect, inclusion criteria, exclusion criteria,
treatment used as test, treatment used as control, follow-
up period, outcomes considered and results obtained.
The outcomes of interest considered in each study were
periodontal and bone regeneration in terms of decrease
of PD and gain of CAL. Each reviewer independently
extracted all data from the finally selected articles and
constructed tables on study characteristics and outcomes
Authors of included studies were contacted by email to
provide raw data, whenever necessary.

Quality assessment

Risk of bias assessment was autonomously performed by
2 reviewers (F.M. and C.M) using specific risk assessment
tools depending on the study design. The overall quality
of evidence at the outcome level was assessed using the
Revised Cochrane Risk-of-bias Tool for Randomized Tri-
als (RoB 2) as developed by Sterne et al. [18]. This quality
assessment is structured into the following domains: (1)
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bias arising from the randomization process, (2) bias due
to deviations from intended interventions, (3) bias due to
missing outcome data, (4) bias in the measurement of the
outcome, (5) bias in the selection of the reported result.
All five domains were judged as low risk of bias, some
concerns or high risk of bias.

Statistical analysis

We computed the within-group standardized mean dif-
ference (SMD) Hedges’s g [19] to compare the values of
the same treatment group at two different time points
where the time at baseline is the reference. Unbiased
estimates of the sampling variances were calculated
as described in Hedges [20]. By taking the maximum
value, missing standard deviations were imputed from
the observed standard deviations from the same treat-
ment group in other studies. Then the between-group
difference in the two SMD values, namely SMD in the
test group (SMD_T) minus SMD in the control group
(SMD_C) was used as the effect size in the meta-analysis.
A correlation of 0.5 was assumed to calculate the vari-
ance of the effect. This measure, SMD_T-SMD_C, indi-
cates how much larger (or smaller) the change in the test
group is (in standard deviation units) compared to the
control group. Standard error of multi-arm studies has
been corrected to account for effect size dependency.

A network meta-analysis (NMA) was fitted, accord-
ing to the graph theory methodology presented in
Riicker,[21] using a random effect model. Inconsistency
between direct and indirect estimates was assessed
by generalized Cochran’s Q statistics. The I"2 statis-
tic, directly based on Cochran’s Q, was used to quan-
tify between-study heterogeneity (i.e. the percentage of
variability in the effect sizes that is not caused by sam-
pling error). P-score was used to rank the treatments, in
which a higher value indicates better performance. The
comparison-adjusted funnel plot was used as a visual
tool when investigating publication bias in a NMA [22].
The horizontal axis shows the scatter of treatment effects
estimated from individual studies, while the vertical axis
shows standard error of the treatment estimates. If pub-
lication bias is present, as for any reporting bias, the plot
will be asymmetrical.

R software version 4.1.2 and R packages metafor and
netmeta were used.

Results

The electronic search and other sources identified 46
records from PubMed/MEDLINE, Cochrane Library,
Embase and DOSS (Dentistry and Oral Sciences Source).
A total of 15 articles were duplicates and were removed.
After screening the titles and abstracts, 11 articles were
excluded. Therefore, following full-text reading, all the
20 articles met the defined inclusion criteria and were
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included in the review. A flow chart that illustrates the
screening process is showed in Fig. 1. Authors of included
studies were contacted by email to provide raw data, but
no one responded to emails.

According to Revised Cochrane Risk-of-bias Tool for
Randomized Trials (RoB 2), the overall quality of evi-
dence at the outcome level was assessed and displayed in
Fig. 2. Only the studies of Leknes et al. and Sumer et al.
had a low risk of bias for all domains [23, 24].

The method of randomization was clearly explained in
14 [23-35] out of 20 studies and it consisted in 11 cases
[23-25, 28-35] in a coin flip, in one case [27] in the roll
of a die, in another case [26] in computer-generated ran-
dom number list and in one study [29] randomization
was obtained by drawing a coded paper from a paper
bag. Allocation concealment was described for 10 RCTs
(23, 24, 26, 32, 33, 35-39] by attempting to ascertain
the degree of masking. Nine [23, 24, 32, 33, 35-39] out
of 20 studies described the use of an evaluator who was
masked to the treatment group assignment in assess-
ing the clinical measurements at follow-up. Eight stud-
ies [27-31, 40—42] did not report any masking, and one
study reported that all the treatments and measurements
were performed by the sole investigator.

The commercial name of the BG product used for the
papers was clearly expressed in 14 studies [23, 25, 27, 30,
32, 33, 35—42]. In one study [25], the co-authors worked
for the pharmaceutical company that produced the BG
used in the study. Further, one study [41] was supported
by a grant from the company manufacturing the BG
product analyzed, as well as one of the co-authors was
employed for the same company. Only one study [23]

[ Identificationof studies via datab and reg ]
—
Records identified from: Records removed before screening.
c Databases (n =46) Duplicate records removed (n =14)
8 Registers (n =0) Records marked as ineligible by
E automation tools (n =1)
% Records removed for other ressons (n=1)
]
=
—J
l
Records screened Records excluded
(n=31) (n=1)
Records sought for retrieval Reports not retrieved
g (n=30) > (n=0)
=
o
-
’ l
Records assessed for eligibility Reports excluded:
(n=30) P Not fulfilling the inclusion criteria (n =10)
o
— A 4
E Records assessed for eligibility
3 (n=20)
©
=
=

Fig. 1 PRISMA flow-chart
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specifically declared: “The authors report no conflicts of
interest related to this study. The study was self-funded
by the authors and their institutions..

The 20 selected studies were published between 1997
and 2016. The main characteristics and results of the
included studies are summarized in Table 1.

In total, this review included 376 participants with 656
teeth with PD measurements and 327 participants with
558 teeth with CAL measurements. Mainly the studies
considered patients with intrabony defects; four studies
were of patients with furcation defects [25-27, 40], and
one study included patients with both intrabony and fur-
cation defects [28]. Fourteen studies were randomized
split-mouth designs [23-31, 35, 36, 41-43]; four studies
were randomized parallel trials [32, 33, 38, 40] and the
remaining two studies were randomized parallel mul-
ticenter studies [34, 37]. Papers reporting a change in
PD and CAL were extremely heterogeneous since they
considered different periods of follow-up and different
treatments.

The comparisons between different treatments
included (1) BG, (2) OFD, (3) PLATELET RICH FIBRIN
(PRF), (4) BG/GUIDED TISSUE REGENERATION
(GTR), (5) PLATELET PELLET/GTR, (6) EMDOGAIN
(EMD), (7) MEMBRANE, (8) EXPANDED POLYTET-
RAFLUOROETHYLENE (ePTFE), (9) Demineralized
freeze-dried bone allograft (DFDBA), (10) BG+EMD,
11) AUTOGENOUS CORTICAL BONE. Each treament
included OPEN FLAP DEBRIDEMENT (+QOFD).

The meta-analysis examined 12 articles for PD [23-28,
32, 35, 38, 40-42], and 10 for CAL [23, 27, 30, 32, 35, 38,
40-43]. All these papers reported complete data for the
considered outcomes at 6 months.

We have considered principally two outcomes: PD and
CAL.

Probing depth. The most common follow-up time was
6 months (13 studies), followed by one year (6 studies)
[23, 29, 32, 34, 36, 44]. Only 425, 26, 40, 42] and 3[29,
40, 42] studies reported data at the 3 and 9 month-time,
respectively. The analysis focused on the evaluation at 6
months.

Since OFD is the most common reference in most
studies, it was contrasted with all available treatments, as
shown in the network graph (Fig. 3). Disconnected com-
parisons were excluded from the network analysis [23—
28, 32, 35, 38, 40—42].

With regard to the study performed by Rosenberg [41],
we obtained the values of PD at 6 months by computing
the available data.

The heterogeneity in the network model is very high,
with 1=91.7% [86.1%; 95.1%)]. Inconsistency is a minor
concern, with the Q=4.23 (p-value=0.12) under the
assumption of a full design-by-treatment interaction ran-
dom effects model.
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RoB DOMAINS

ROSENBERG 2000

FROUM 1998

EL-HADDAD 2014

SUMER 2013

ONG 1998

Domains: D1= bias arising from the
randomization process; D2= bias
due to derivations from intended
intervention; D3= bias due to
missing outcome data; D4= bias in
measurement of the outcome; D5=
bias in selection of the reported
result

Judgement: red= high risk of bias;
yellow= some concerns; green= low
risk of bias

Fig. 2 Risk of bias (RoB) assessment following the Rob2 scale

For AUTOGENOUS CORTICAL BONE, BG and OFD,
being in a closed loop in the network of evidence (i.e.,
there exists both direct and indirect information), the
difference between the direct and indirect estimates is
calculated. However, it does not appear to be statistically
significant (p-value ranging from 0.18 to 0.72).

Keeping in mind that a negative between-group SMD
in PD favours the treatment arm, the forest plot (Fig. 4)
indicates that AUTOGENOUS CORTICAL BONE, BG
and PRF are more efficacious than OFD. The network
effect of BG is completely driven by direct evidence [25,
26, 28, 32, 38, 41, 42], while only one and no direct esti-
mate contributes to AUTOGENOUS CORTICAL BONE
and PRF network estimate, respectively. According to the
p-score, PRF (p-score=0.96), AUTOGENOUS CORTI-
CAL BONE (p-score=0.72) and BG (p-score=0.55) rank
first second and third, respectively.
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Clinical attachment level. The most common follow-up
time was 6 months (10 studies), followed by one year (5
studies)[29, 32, 44, 45]. Only 2 studies considered the 3
and 9 month-time. The study performed by El-Haddad
[26] was excluded cause of inconsistencies in the dates
reported for CAL at three months. As for PD, the analy-
sis focused on the evaluation at 6 months, and OFD was
contrasted with all available treatments, as shown in the
network graph (Fig. 5).

The heterogeneity in the network model is very high,
with [12=91.3% [80.8%; 96.0%]. No closed loops are pres-
ent in the network and inconsistency cannot be assessed.

The forest plot in Fig. 6 indicates that PRF is more
efficacious than OFD alone (p-value<0.001). The only
effect completely driven by direct evidence is BG vs.
OFD;,[32, 38, 41, 42] but it is not statistically signifi-
cant (p-value=0.39). According to the p-score, PRF
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Table 1 Main characteristics of the selected studies

Reference Test Control Study Design  Sample Size Defect Type Trial Outcome
(patients/teeth) Duration
ANDEREGG 1999 BG+OFD OFD SM 15/30 Furcation defects 6 months PD
BISWAS 2016 BG+OFD PLATELET RICH p 15/20 Furcation defects 9 months PDand CAL
FIBRIN+OFD
KELES 2006 BG+OFD+GTR  PLATELET PEL- M 15/30 Intrabony defects 6 months PD and CAL
LET+GTR+OFD
LEKNES 2009 BG+OFD EMD+OFD SM 13/26 Intrabony defects 12 months ~ PD and CAL
MENGEL 2003 BG+OFD MEMBRANE+OFD SM 12/30 Intrabony defects 12 months ~ PDand CAL
SATYANARAYANA BG+OFD OFD M 12/24 Intrabony defects 12 months ~ PD
2012
SUBBAIAH 2011 BG+OFD OFD M 8/16 Intrabony defects 9 months PD and CAL
YUKNA 2001 BG+OFD OFD+ePTFE M 27/54 Furcation defects 6 months PDand CAL
DYBVIK 2007 BG+OFD OFD P 19/19 Intrabony defects 12 months ~ PD and CAL
PARK 2001 BG+OFD OFD P 38/38 Intrabony defects 6 months PDand CAL
LOVELACE 1998 BG+OFD DFDBA+OFD SM 15/30 Intrabony defects 6 months PD and CAL
SCULEAN 2005 BG+EMD EMD+OFD P multicenter ~ 30/30 Intrabony defects 12 months ~ PDand CAL
ZAMET 1997 BG+OFD OFD M 22/44 Intrabony defects 12 months ~ PD
SCULEAN 2007 BG+EMD EMD+OFD P multicenter ~ 25/25 Intrabony defects 4 years PD and CAL
ROSENBERG 2000 BG+OFD OFD M 12/24 Intrabony defects 6 months PD and CAL
ONG 1998 BG+OFD OFD M 14/27 Intrabony defects  9to 13 PDand CAL
months
FROUM 1998 BG+OFD OFD M 16/59 Intrabony or fur-  12months ~ PDand CAL
cation defects
KURU 2006 BG+EMD EMD+OFD p 23/30 Intrabony defects 8 months PD and CAL
EL-HADDAD 2014 BG+OFD OFD M 30/70 Furcation defects 6 months PD and CAL
SUMER 2013 BG+OFD Autogenous Corti- SM 15/30 Intrabony defects 6 months PD and CAL

cal Bone+OFD
SM: split-mouth study design, P: parallel study design

BIOGLASS + OFD,
AUTOGENOUS CORTICAL BONE + OFD
DFDBA + OFD
PLATELET RICH FIBRIN + OFD
EMD + OFD
OFD + ePTFE
OFD

Fig. 3 Network graph. Probing depth outcome. This graph has two core components: nodes, which represent the treatments in RCTs, and edges, which
show how treatments relate to each other. The degree of thickness of edges represents how often we find a specific comparison in the network. For
example, we see that BG+OFD have been compared to OFD in many trials
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Study N. %direct | Random effects model SMD 95%-CI
AUTOGENOUS CORTICAL BONE + OFD vs OFD

Direct estimate 1 081 -1.98 [-3.46;-051]
Indirect estimate - 024 [-283; 3.31]
Network estimate < -1.57 [-2.90;-0.24]
BIOGLASS + OFD vs OFD

Direct estimate 7 1.00 093 -1.06 [-1.72;-0.40]

Indirect estimate 3.94 [-23.43;31.30]

Network estimate ¥ -1.06 [-1.72;-0.40]
DFDBA + OFD vs OFD

Direct estimate 0 0

Indirect estimate 056 [-1.09; 2.22]
Network estimate & 056 [-1.09; 2.22]
EMD + OFD vs OFD

Direct estimate 0 0

Indirect estimate -0.95 [-2.56; 0.67]
Network estimate 9 -0.95 [-256; 0.67]
OFD + ePTFE vs OFD

Direct estimate 0 0

Indirect estimate -0.94 [-252; 0.63]
Network estimate 9 -0.94 [-252; 0.63]

PLATELET RICH FIBRIN + OFD vs OFD
Direct estimate 0 0

Indirect estimate &= -289 [-477,-1.02]
Network estimate : . . s . . . -2.89 [-4.77;-1.02]
-30 -20 10 0 10 20 30

favors test favors OFD
SMD

Fig. 4 Forest plot for NMA on PD

(p-score=0.99), MEMBRANE and BG (p-score=0.56 for
both) rank first and second, respectively.

The visual inspection of the funnel plot shown in Fig. 7
revealed no significant evidence of publication bias.
However, the assessment through this qualitative tool is
hampered by the small number of trials.

Discussion

Numerous CTs in the dental literature have focused on
the efficacy of BG in treating periodontal bone defects.
Two previous systematic reviews summarized the topic
in 2002[46] and 2012[47]. Trombelli et al. [46] observed
a significant weighted mean difference of 1.04 mm in
CAL gain compared to the OFD, while Sohrabi et al. [47]
reported a difference between BG and controls (active

DFDBA + OFD
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Study N. %direct ? Random effects model SMD 95%-Cl

BIOGLASS + OFD vs OFD |

Direct estimate 4 100 091 k| -0.19 [-0.62; 0.25]

Indirect estimate

Network estimate <t -0.19 [-0.62; 0.25]

DFDBA + OFD vs OFD

Direct estimate 0 0

Indirect estimate TE— 0.63 [-0.34; 1.60]

Network estimate == 0.63 [-0.34; 1.60]

MEMBRANE + OFD vs OFD

Direct estimate 0 0

Indirect estimate . -0.30 [-1.50; 0.89]

Network estimate b= -0.30 [-1.50; 0.89]

OFD + ePTFE vs OFD

Direct estimate 0 0

Indirect estimate —.— -0.07 [-1.00; 0.86]

Network estimate < -0.07 [-1.00; 0.86]

PLATELET RICH FIBRIN + OFD vs OFD

Direct estimate 0 0

Indirect estimate — -4.13 [-5.69;-2.57]
; —— = i o

Network estimate 413 [-5.69;-2.57]

favors test favors OFD
SMD

Fig. 6 Forest plot for NMA on CAL

or OFD) in change in PD and CAL from baseline to fol-
low-up of 0.52 and 0.60 mm, respectively. In ten years,
however, further evidence has been collected making it
advisable to summarize the literature again.

The present study retrieved 20 RCTs published
between 1997 and 2016.

As regards the PD at 6 months, AUTOGENOUS COR-
TICAL BONE, BG and PRF were more efficacious than
OFD alone, with a statistically significant SMD equal
to -1.57, -1.06 and —2.89, respectively. As to CAL at 6
months, the effect of BG is reduced and no longer signifi-
cant (SMD= -0.19, p-value=0.4) and curiously PRF was
more efficacious than OFD (SMD=-4.13, p-value<0.001)
in CAL gain, but in indirect evidence. This outcome is
consistent with literature [48].

Differently from previous reviews, this study exam-
ined the risk of bias following the Rob2 scale and pooled

~BIOGLASS + OFD

MEMBRANE + OFD

OFD

Fig.5 Network graph. Clinical attachment level outcome

PLATELET RICH FIBRIN + OFD

“OFD + ePTFE
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Fig. 7 Funnel plot for assessment of publication bias across studies evaluating PD at 6 months and included in the NMA

evidence according to a NMA approach. Only two stud-
ies [23, 24] had a very low risk of bias, while five [26, 28,
32, 36, 38] were at high risk of bias. In addition, NMA
allowed for a wider picture of the evidence and under-
standing multiple interventions’ relative merits. In fact,
the use of BG was not compared only to OFD, which
is considered the standard procedure to treat osseous
defects, but rather a series of different comparisons were
performed. NMA has advantages over conventional pair-
wise meta-analysis, as the technique borrows strength
from indirect evidence to gain certainty about all treat-
ment comparisons and allows for estimation of compara-
tive effects that have not been investigated head to head
in RCTs.

These results are somehow less favorable to BG than
the aforementioned reviews. Furthermore the only sta-
tistically relevant improvement that has been detected
regards PD and no statistically significant effect was
detected regarding CAL. This may depend on mixed
resonsreasons. One may suggest that the different tech-
niques tested may play a key role since different clinical
situations were approached with different techniques.

Many clinicians consider autografts as the gold-stan-
dard, because of their favourable biological character-
istics that are osteoinduction and osteoconduction.
However they present several drawbacks as, for exam-
ple, the limited availability and the donor-site mor-
bidity [48, 49]. Allografts and xenografts may trigger
immune rejection, allow disease transmission and be

less osteoinductive than autografts owing to disruptive
processing [49]. Favoured by the advances in bone tis-
sue engineering, artificial scaffolds [48] are very prom-
ising but often show low fusion rates due to reduced
cell ingrowth and local inflammation upon degradation
[49, 50]. However they present several drawbacks as,
for example, the limited availability and the donor-site
morbidity [49, 50]. Allografts and xenografts may trig-
ger immune rejection, allow disease transmission and be
less osteoinductive than autografts owing to disruptive
processing [50]. Favoured by the advances in bone tis-
sue engineering, artificial scaffolds [49] are very promis-
ing but often show low fusion rates due to reduced cell
ingrowth and local inflammation upon degradation [50,
51].

The BG products evaluated in the summarised studies
appeared biocompatible as no reports of adverse effects
(i.e. allergies, other immunologic reactions, abscess for-
mation) were made. However, the main drawback inher-
ent in these BG materials is their brittleness hindering
their use as scaffolds. To overcome this limitation, new
bio-mimicking materials combining the mechanical fea-
tures of tailored synthetic polymers and the bioactive ele-
ment of BG were developed [52, 53].

Indeed, several bio-hybrid composites have been stud-
ied with positive outcomes in vitro and in vivo [54],
but only a few have emerged successfully so far such
as  calcium-phosphate/poly-e-caprolactone  particles
[55], silicon carbide/collagen scaffolds (BioSiC) [56],
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poly(N-acryloyl 2-glycine)/methacrylated gelatin hydro-
gels [57]. An example of successful clinical translation
which resulted in a CE-marked product currently in use
is SmartBone® [58], “a bovine-derived mineral matrix
reinforced with resorbable poly(lactic-co-caprolactone)
block copolymer embedding RGD-exposing collagen
fragments onto its surface” [59].

The RCTs included in this review were heterogeneous
in terms of defect types (furcation [25-27, 40], intrabony
[24, 29-32, 41-43] or both intrabony and furcation [28])
and control interventions (OFD alone [25, 26, 28, 29, 31,
32, 36, 38, 41, 42], PRF [40], platelet pellet/GTR [60],
EMD [23], membrane [30], ePTFE [27], DFDBA [35],
autogenous cortical bone [24, 26]. Three articles [33, 34,
44] compared the use of EMD alone or in combination
with a BG. Clearly, before all the treatments analyzed
always occurs a debridement of the defects, meaning that
an OFD always goes with the treatment proposed. Four-
teen studies were randomized split-mouth designs [23—
31, 35, 36, 41-43]; four studies were randomized parallel
trials [32, 33, 38, 40] and the remaining two studies were
randomized parallel multicenter studies [34, 44]. In split-
mouth RCTs, subjects are their own control, which is
supposed to reduce the variability of outcome among
patients from the intervention effect estimate virtu-
ally leading to an increase in statistical power. Although
selection bias is avoided and masking is easier in split
mouth studies, cross-over effects may be not negligible
limiting the difference in outcome between interventions.
The split mouth RCTs included here did not address the
issue of possible carry-over effects sustained by bioglass,
but according to literature they should be irrelevant [61].

The heretogeneity sources of the studies included in
this systematic review are multiple and difficult to assess:
in particular the defect type, the patient features, the
surgical procedures implemented, the experience of the
operator, etc. Future systematic reviews would benefit
greatly from studies based on protocols registered before
conducting the research. The possible advantage of this
choice is twofold: (1) to attain, as much as possible,
homogeneous data that may be compared more easily
(to reduce the remarkable aforementioned biases and the
avoidable waste of data in literature) and (2) to promote
the publication of whatever results may be retrieved, thus
overcoming the publication bias, which is currently dif-
ficult to be taken into consideration.

Conclusion

Data of the present review only partially support the clin-
ical efficacy of the usage of BG in the bone regeneration
treatments for periodontal purposes. Indeed, the SMD
of 0.5 to 1 in PD and CAL obtained with BG compared
to OFD alone seem clinically insignificant. However, the
absence of the evidence of efficacy does not mean the
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absence of efficacy. Some sites have reported much more
significant clinical and statistical changes, whereas other
sites have had smaller changes or even negative results.
More good quality CTs are required to provide sound
evidence on the clinical efficacy of BG.
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